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CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal wafer which is a silicon single crystal wafer raised by the 
Czochrlski method, is a low-speed training wafer with which the oxidation induction stacking 
fault generated in the shape of a ring was extinguished in the wafer core when thermal oxidation 
processing is carried out, and is characterized by eliminating the rearrangement cluster from the 
whole wafer surface. 

[Claim 2] A raising rate is set to V (mm/min) in case a silicon single crystal is raised with the 
Czochrlski method. When setting the average of the temperature gradient in a crystal of the 
raising shaft orientations in the temperature requirement from the silicon melting point to 1300 
degrees C to G (degree C/mm), Between a crystal center location and the location from a 
crystal periphery to 30mm, they are 0.20-0.22mm2 / **, and min about V/G value. It carries out. 
Between the location from a crystal periphery to 30mm, and a crystal periphery location, they 
are 0.20-0.22mm2 / **, and min. The silicon single crystal wafer manufacture approach 
characterized by carrying out or making it increase gradually toward a crystal periphery. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the silicon single crystal wafer used for 
manufacture of a semiconductor device etc. especially the silicon single crystal wafer raised by 
the Czochrlski method (henceforth a CZ process), and its manufacture approach. 
[0002] 

[Description of the Prior Art] The silicon single crystal wafer used for manufacture of a 
semiconductor device is mainly manufactured by the CZ process. A CZ process raises a 
cylinder-like silicon single crystal by pulling up seed crystal, soaking seed crystal in the silicon 
melt in quartz crucible, and rotating quartz crucible and seed crystal like common knowledge, the 
raising rate, i.e., the single-crystal-growth rate, at this time — usually — 1.0 - 2.0 mm/min it is . 

[0003] By the way, the silicon single crystal wafer raised by such CZ process may produce the 
oxidation induction stacking fault called OSF generated in the shape of a ring, when thermal 
oxidation processing (for example, 1000-1200 degree-Cx 1-10 hours) is received. This OSF 
ring is a high-speed raising rate, i.e., 1.0 - 2.0 mm/min, comparatively so that moving to the 
periphery side of a single crystal may be known as a raising rate becomes quick, and an OSF ring 
may be distributed over manufacture current [ LSI ] at the outermost periphery of a single 
crystal. The raised high-speed training wafer is used. 

[0004] However, several sorts of minute defects (a Grown-in defect is called below) exist in the 
silicon single crystal wafer raised at such a high speed, and it is becoming clear to degrade the 
gate oxide proof-pressure property of an MOS device. Moreover, since these Grown-in defects 
are very stable thermally, they are not extinguished in the manufacture process of a device, but 
remain to the active region near the wafer front face, and it is becoming clear not only an oxide- 
film proof-pressure property but to degrade a junction leak property (for example, M.Horikawa et 
al.Semiconductor Silicon 1994, p987). 

[0005] Since gate oxide was thin-film-ized in recent years with degree-of-integration increase 
of MOS mold quantity integrated semiconductor components, such as LSI, and the diffusion layer 
depth, such as a source drain, became shallow, the improvement in the withstand voltage 
property of gate oxide and reduction of junction leakage current are demanded strongly, but 
since these properties are inferior in the high-speed training wafer currently used for 
manufacture current [ LSI ], to the latest high degree of integration, correspondence is becoming 
difficult especially. 

[0006] Then, raising rates are recently 0.8 mm/min. The method of raising a silicon single crystal 
at the following medium speed or low speeds was proposed by JP,2-267195,A. However, there is 
a trouble on the following crystal quality also in the silicon single crystal wafer raised at such a 
medium speed - a low speed. 
[0007] 

[Problem(s) to be Solved by the Invention] Generally, even if it depends for the temperature 
distribution in a single crystal on the structure in CZ furnace and a raising rate changes, the 
distribution does not change a lot. Therefore, if a raising rate is changed and a single crystal is 



raised with the equipment wf^^has the same structure, the relation (J^Waising rate and 
defective generating distribution as shown in drawin g 1 will be seen. Although this relation will 
change a little if equipment differs, it does not change to an inclination. 
[0008] A raising rate is 0.8 - 0.6 mm/min. In being medium-speed training, as shown in this 
drawing (A), it generates an OSF ring near [ 1/2 ] the radius of a silicon single crystal wafer. 
Physical properties differ by the outside and the inside of a ring, and the proof-pressure 
property of gate oxide is good in the field outside an OSF ring. 

[0009] However, in the field inside a ring, since some kinds of Grown-in defects exist, the proof- 
pressure property is not good. The infrared dispersion defect which is formed during crystal 
training and observed by the infrared tomograph method in the state of as-grown especially is 
about 106. An individual / cm3 It generates by the consistency. Since this defect considered to 
be an oxygen sludge is very stable thermally, it does not disappear in the heat treatment process 
of a device, either, it remains to a device active region, and a junction leak property is also 
degraded. 

[0010] Moreover, it generates by width of face of several mm - about 10mm, and the OSF ring 
itself is about 104. An individual / cm2 Since OSF is included by high density, it becomes the 
cause of worsening, the property, for example, junction leak property, of a semiconductor device. 
Furthermore, in this field, when a wafer is heat-treated, an oxygen sludge is generated by the 
consistency of 108 -109 cm-3. The nucleus of this oxygen sludge is also thermally stable, and 
even 1250-degree C heat treatment grows. Therefore, it becomes the cause by which the OSF 
ring itself degrades the property after a device process. 

[001 1] It is the raising rate of a silicon single crystal 0.6 - 0.5 mm/min When it is made to fall, as 
shown in drawing 1 (B), the diameter of an OSF ring becomes still smaller and OSF occurs near 
the core of a wafer at the shape of a ring, and discoid. Although an oxide-film proof-pressure 
property improves since the area outside a ring increases, instead, a rearrangement cluster 
occurs in the periphery section of a ring outside. For magnitude, a consistency is [ this 
rearrangement cluster ] about 103 at about 10-20 micrometers. An individual / cm2 It is extent 
and it is well known to become the cause by which this also degrades the property of a 
semiconductor device. 

[0012] Moreover, in the silicon single crystal wafer raised by the CZ process, an oxygen impurity 
is 1 - 2x1018 atoms/cm3. It is contained by concentration. And it is as having mentioned above 
that precipitation of oxygen happens by heat treatment (for example, dozens of 600-1 1 50 
degree-Cx hours) in a device process for this oxygen impurity. While this oxygen sludge is 
generated in a device active region and degrades the property of a device, it acts as a site which 
carries out gettering of the heavy metal contamination generated in a device process. 
[0013] In the field inside an OSF ring, since precipitation of oxygen happens strongly, the usual in 
thorin chic gettering ability (henceforth IG ability) is obtained, but in the field which the 
rearrangement cluster outside an OSF ring generates, since this precipitation of oxygen cannot 
happen easily, IG ability falls. 

[0014] Thus, a raising rate is 0.8 - 0.5 mm/min. Since an OSF ring remains, there is nothing as 
the ring itself is a defective generating field, and a defect occurs also within and without a ring, 
the wafer raised with medium speed does not fit manufacture of the semiconductor device of a 
high degree of integration. 

[0015] On the other hand, raising rates are 0.5 mm/min. With the wafer raised at the following 
low speeds, as shown in drawin g 1 (C), an OSF ring field disappears in the center section of the 
wafer, and the field which the infrared dispersion defect inside a ring generates in connection 
with this also disappears. However, a rearrangement cluster occurs all over a wafer. It is as 
having mentioned above that generating of a rearrangement cluster causes a fall of a device 
property and a fall of IG ability. Therefore, a low-speed training wafer does not fit manufacture of 
a highly-integrated semiconductor device, either. 

[0016] As mentioned above, in training of the silicon single crystal by the present CZ process, 
however it may adjust a raising rate, a harmful defect will arise in a part of direction [ at least ] 
of the diameter of a crystal, and the wafer of a whole surface non-defect will not be 
manufactured. 



[0017] The purpose of this i ion is in the thing which do not have mful defect over the 
whole surface and for which the silicon single crystal wafer and its manufacture approach of 
quality CZ process training are offered. 
[0018] 

[Means for Solving the Problem] By the way, this invention persons acquired the important 
following facts about the generating location of an OSF ring previously. 

[0019] Although the path of an OSF ring changes depending on the raising rate of a crystal and 
the path decreases with the fall of a raising rate with the crystal training equipment which has 
the same structure, when training equipment is different and hot zone structure changes, even if 
it is the same raising rate, the paths of an OSF ring differ. However, when setting the raising rate 
of a single crystal to V (mm/min) and setting the average of the temperature gradient in a 
crystal of the raising shaft orientations in the pyrosphere from the silicon melting point to 1300 
degrees C to G (degree C/mm), the path of an OSF ring is uniquely determined by the ratio 
expressed with V/G. That is, it becomes possible by controlling V/G value to be able to generate 
the location with an eye on an OSF ring, and to also make it disappear. 

[0020] However, even if it controls the generating location of an OSF ring by control of V/G 
value, it cannot be made to disappear to Grown-in defects, such as an infrared dispersion defect 
and a rearrangement cluster. 

[0021] Then, this invention persons investigated as follows the effect of V/G value exerted on 
defective distribution. Temperature distribution in case a solid-liquid interface is in each location 
of 100,200,300,400mm from the shoulder of a single crystal, respectively were searched for in 
comprehensive heat transfer analysis, if the effectiveness of the temperature distribution by the 
convection current in melt is not taken into consideration in this heat transfer analysis — 
actually — ** — we are anxious about a different solid-liquid interface configuration being 
acquired, and the temperature distribution in the elevated-temperature section near especially a 
solid-liquid interface in a crystal changing an actual thing and a little with these. The problem on 
this count has been solved, in order to acquire exact temperature distribution rather than it can 
set in the elevated-temperature section, the configuration of the solid-liquid interface in each 
above-mentioned location was further measured from the real crystal, the shaft-orientations 
temperature distribution inside a crystal were again calculated as the melting point of silicon by 
having made temperature on the front face of a crystal according the temperature in an 
interface to this and the above-mentioned thermal rating into boundary condition, and the 
direction distribution of a path of a shaft-orientations temperature gradient was calculated after 
this. The axis of abscissa was set as the direction location of a path, and drawin g 2 showed 
defective distribution by setting an axis of ordinate as V/G value. 

[0022] V/G value is 0.20mm2 / **, and min so that drawin g 2 may show. When it is the following, 
a rearrangement cluster occurs in the direction whole region of a path. V/G value is 0.20mm2 / 
**, and min. It takes for becoming large and a field changes in order of a defect-free field and 
OSF ring generating field and an infrared dispersion defective generating field. Although the 
minimum of a defect-free field is regularity (0.20mm2 / **, and min) regardless of the direction 
location of a path here, between a crystal center and the location from a crystal periphery to 
30mm, an upper limit is fixed (0.22mm2 / **, and min), between the location from a crystal 
periphery to 30mm, and a crystal periphery location, is taken for approaching a crystal periphery 
and serves as size. And even when hot zone structures differ, various defects are distributed 
according to this drawing. 

[0023] That is, if it pulls up with hot zone structure and a rate is decided, V/G value in the 
direction of the diameter of a crystal which the training equipment has will be determined like a 
broken line, a raising rate — V1 it is — a case — the V/G curve — an infrared dispersion 
defective generating field — crossing — a crystal — a part — an infrared dispersion defect — 
being generated — an OSF ring generating field — crossing — a crystal — a part — an OSF 
ring — generating . Therefore, it pulls up and a rate is V1. An OSF ring is generated in the 
outermost periphery of a wafer, and an infrared dispersion defect produces a case in the field of 
the inside. When a raising rate falls, a V/G curve is V2, V3, V4, and V5. It moves like and the 
direction distribution of a path of the defect generated into a crystal changes. 



[0024] In that V/G which be^^ls defect-free in the direction whole ^Jln of a path of a single 
crystal in training of the silicon single crystal by the CZ process exists, that it is possible to 
abolish a defect in the direction whole region of a path of a single crystal depending on V/G if it 
puts in another way, however the conventional training, since the lower right generally serves as 
[ a V/G curve ] ** regardless of the raising rate of a single crystal, it is two points of being 
unable to perform supposing that it is defect-free in the direction whole region of a path points 
should be observed here. 

[0025] Although a V/G curve describes in detail that the lower right serves as ** later, the 
shaft-orientations temperature gradient in a crystal is because it is large in the periphery section 
as compared with a core. Namely, since G takes toward a periphery from a core and V increases 
in the fixed condition, as for a V/G curve, the lower right serves as **. Therefore, although V/G 
which becomes defect-free in the whole region of the direction of a path exists, the whole wafer 
surface cannot be made defect-free. 

[0026] For example, VV1 An OSF ring is generated in the outermost periphery of a wafer, and an 
infrared dispersion defect generates a case in the inside. This is high-speed training of the 
general former. VV1 V2 [ late ] and V3 Although an OSF ring will be generated in the direction 
pars intermedia of a path of a wafer and the outside will serve as a defect-free field if it 
becomes, inside, an infrared dispersion defect occurs. This is medium-speed training and is 
equivalent to drawing 1 (A). V is V4 [ still later ]. Although an OSF ring will be generated in a 
wafer core and a defect-free field will remain in the outside if it becomes, a rearrangement 
cluster occurs in the outermost periphery. This is medium-speed training equivalent to drawin g 1 

(B) . V is V5 [ still later ]. Although an OSF ring will disappear in a core if it becomes, a 
rearrangement cluster occurs all over a wafer. This is low-speed training equivalent to drawin g 1 

(C) . Moreover, 0.20-0.22mm2 / **, and min from which a defect does not produce V/G in the 
crystal center section temporarily Even if it manages, in order to take for separating from the 
crystal center section and for V/G to fall, a rearrangement cluster is produced except a core. 
[0027] Thus, in training of the silicon single crystal by the CZ process, although V/G which can 
form a defect-free field in the direction whole region of a path of a single crystal exists, since 
the lower right is the curve of **, V/G cannot make the whole wafer surface defect-free. 
[0028] However, if V/G can be made into a straight line fixed in the direction of a path, or the 
curve of right going up increased gradually in the periphery section in the direction of a path of a 
single crystal, generating of a defect can be prevented in the whole region of the direction of a 
path. Based on this assumption, this invention persons performed further investigation analysis. 
Consequently, it can consider as a straight line as shows V/G to drawin g 2 as a continuous line 
depending on the structure of the hot zone of crystal training equipment, or the curve after the 
right, consequently a defect-free field is formed in the direction whole region of a path of a 
single crystal, the knowledge of manufacture of the whole surface defect-free wafer which was 
impossible until now being attained here is carried out, and it came to complete this invention. 
[0029] The silicon single crystal wafer of this invention is a silicon single crystal wafer raised by 
the CZ process, when it carries out thermal oxidation processing, it is a low-speed training wafer 
with which the oxidation induction stacking fault (OSF) generated in the shape of a ring was 
extinguished in the wafer core, and it is characterized by eliminating the rearrangement cluster 
from the whole wafer surface. 

[0030] Moreover, in case the wafer manufacture approach of this invention raises a silicon single 
crystal by the CZ process When setting a raising rate to V (mm/min) and setting the average of 
the temperature gradient in a crystal of the raising shaft orientations in the temperature 
requirement from the silicon melting point to 1300 degrees C to G (degree C/min), Between a 
crystal center location and the location from a crystal periphery to 30mm, they are 0.20- 
0.22mm2 / **, and min about V/G value. It carries out. Between the location from a crystal 
periphery to 30mm, and a crystal periphery location, they are 0.20-0.22mm2 / **, and min. It is 
characterized by carrying out or making it increase gradually toward a crystal periphery. 
[0031] 

[Function] Since an OSF ring is the low-speed training wafer which disappeared in the wafer 
core, the wafer of this invention does not include the infrared dispersion defect generated in 



OSF and its inside. And the 




ngement cluster which should be ge 



ed outside is also 



eliminated. Therefore, it becomes the high quality wafer which does not have a harmful defect 
over the whole surface. 

[0032] Moreover, by the wafer manufacture approach of this invention, the temperature 
distribution of CZ furnace are adjusted so that V/G value may cross only a defect-free field in 
the direction of the diameter of a crystal. The lower limit of a defect-free field is 0.20mm2 / **, 
and min here. A upper limit is set into the part it is fixed and excluding 30mm from a periphery, 
and they are 0.22mm2 / **, and min. It is fixed and the gradual increase is carried out toward the 
periphery in the part from a periphery to 30mm. Therefore, between a crystal center location and 
the location from a crystal periphery to 30mm, they are 0.20-0.22mm2 / **, and min about V/G 
value. It carries out. Between the location from a crystal periphery to 30mm, and a crystal 
periphery location, they are 0.20-0.22mm2 / **, and min. By carrying out or making it increase 
gradually toward a crystal periphery, the low-speed training crystal which an OSF ring disappears 
in the crystal center section, and does not contain a rearrangement cluster is obtained. 
[0033] Generally the shaft-orientations temperature gradient in a crystal has the large periphery 
section as compared with a core. It is this having the exoergic section in CZ furnace below a 
crystal, and the heat flow rate which flowed from the solid-liquid interface since the upper part 
of a crystal and a perimeter were the low-temperature sections pulling up under a crystal, 
meeting a shaft, and flowing toward the upper part and the direction of a front face of a crystal 
(periphery). It is because a crystal is cooled, and the heat dissipation from a crystal front face is 
as large as the furnace at which a crystal is easy to be cooled, and the temperature gradient in 
the periphery section tends to become large. Therefore, at general CZ furnace which has the 
structure where crystal cooling power is large, the direction distribution of a path of V/G in the 
crystal under growth has the inclination to fall toward a periphery from a core, at a fixed raising 
rate. At such a CZ furnace, even if V/G value is in the defect-free field of drawin g 2 in a core, if 
a periphery is approached, it will separate from this field, and in order to cross the field which a 
rearrangement cluster generates, generating of a rearrangement cluster is not avoided. 
[0034] However, since, as for CZ furnace at which a crystal is hard to be cooled, the direction of 
a heat flow rate mainly flows toward the upper part conversely rather than a periphery and, as 
for the crystal front face of the elevated-temperature section conversely near the melting point, 
temperature tends to become high relatively by radiation from melt, quartz crucible, a heater, 
etc., a temperature gradient becomes low a little rather than a core. However, in the heat 
dissipation from a crystal front face, for a certain reason, a temperature gradient does not 
become small without any restriction not a little. At CZ furnace which has the structure where a 
crystal is hard to be cooled, V/G value serves as an inclination which increases 1 certain or a 
little in the direction of a path, and does not increase without any restriction from this. 
Therefore, if such a CZ furnace is used and V/G value is made to exist in a defect-free field in 
the crystal center section, in the direction whole region of a path, it will not separate from V/G 
value from a defect-free field. Consequently, though an OSF ring is the low-speed training 
crystal which disappeared in the core of a crystal, the single crystal which a rearrangement 
cluster does not generate is obtained. 

[0035] The temperature gradient in the elevated-temperature section near the melting point in a 
crystal is not necessarily fixed in a crystal orientation, and it changes from the top section a 
little, applying it to a tail part. This is for the heat flow rate which carries out an inflow outflow to 
change to a crystal, when the thermal environment in CZ furnace changes with change of that 
heater power changes in order to maintain a fixed diameter at the time of crystal growth, crystal 
length, ********, etc., etc. gradually. Therefore, in the conventional CZ process, the defective 
distribution which V/G value also changes and generates it also changes with change of the 
temperature gradient of the crystal orientation accompanying increase of the amount of raising 
to shaft orientations every only (refer to drawin g 3 ). 

[0036] Then, to change of the temperature gradient G of a crystal orientation, it pulls up so that 
V/G may become fixed, and a rate V is adjusted (refer to drawin g 5 ). doing so — the shaft- 
orientations whole region — also setting — the whole surface — it becomes possible to 
suppose that it is defect-free. Thus, even if it pulls up for the purpose of defective control and 



a crystal is possible as usual. That 



controls a rate, diameter co a crystal is possible as usual. Thatl^Riough it pulls up by 

the fixed span for every time amount for several seconds and a rate is fluctuated control and it 
of heater power, linkage, or around a target raising rate independently required for defective 
control, the average raising rate V does not change but V/G value made into the purpose are 
maintained. This is because generating of a defect is not influenced to fluctuation of the raising 
rate of such a short time. 
[0037] 

[Example] The example of this invention is explained below. 

[0038] In CZ furnace which can raise 18"6 in which quartz crucible and carbon crucible were 
installed" single crystal The relative position of the cylinder-like carbon heater and crucible 
which were installed in the perimeter of crucible, The distance of the tip of the radiation screen 
of 5mm in thickness, and the semicircle drill configuration of 200mm of diameters of opening and 
melt front face which consist of carbon installed in the perimeter of a training crystal, The 
comprehensive thermal rating examined conditions variously, in parts except the field from a 
crystal periphery to 30mm, such as heat insulator structure of the perimeter of a heater, V/G 
was almost fixed, and the above-mentioned conditions were determined so that V/G might 
increase in monotone toward a periphery in the field from a periphery to 30mm. A count result is 
shown in drawin g 3 . 0,100 — 700mm in drawing is the amount of crystal raising. 
[0039] After determining the above-mentioned conditions, 65kg of high grade polycrystalline 
silicon is put into 18" quartz crucible, boron is doped, the heating dissolution of the 
polycrystalline silicon is carried out, crystal growth bearing pulls up [ a diameter ] the single 
crystal of <100> by 150mm, and rates are 0.45 mm/min. It raised to die length of 1300mm at a 
low speed. 

[0040] the crystal after training — a crystal orientation and parallel — 1.5mm in thickness — 
starting — HF and HN03 from — dissolution removal of the processing distortion is carried out 
in the becoming mixed-acid solution, and it is further immersed into a rare HF solution, and the 
rinse was carried out and it was made to dry with ultrapure water after that After heat-treating 
this sample in 800 degrees C / 4hr+1000 degrees C /, and 16hr desiccation oxygen, the X-ray 
topogrph investigated generating distribution of a defect. Although distribution of a defect was 
shown in drawin g 4 , distribution of the investigated defect became a thing corresponding to the 
count result of drawin g 3 as follows. In addition, the figure in drawin g 4 is the die length from the 
shoulder of a single crystal, and corresponds to the amount of raising in dr awin g 3 . 
[0041] a ratio with the average G of the crystal orientation temperature gradient from the raising 
rate V and the melting point to 1300 degrees C — in the direction of a path of a crystal, V/G is 
about 1 constant value from a core up to the location of 45mm, and is increasing in monotone 
toward the periphery section from the location of 45mm. In addition, the location of 45mm is 
30mm in location from a periphery from a core. 

[0042] As a result of managing V/G in this way, in the shaft-orientations part from the crystal 
top to 200mm, V/G in the crystal center section is 0.20mm2 / **, and min. It is the following and 
the rearrangement cluster occurred throughout the direction of a path. If it applies to 500mm 
from 200mm, V/G in the crystal center section is 0.22-0.20mm2 / **, and min. It has become. At 
about 400mm, V/G is especially 0.22-0.20mm2 / **, and min in the field from a crystal center to 
45mm. It is maintained. Since V/G increased from 45mm in monotone in the outside field and 
V/G was managed by these in the defect-free field throughout the direction of a path, 
generating of the harmful Grown-in defect of others, such as an OSF ring and an infrared 
dispersion defect, was not seen throughout the direction of a path. In the part applied to a 
crystal tail from 500mm, V/G in the crystal center section is 0.22mm2 / **, and min. Since it 
exceeded, the OSF ring was generated and the infrared dispersion defect occurred in the inside. 
[0043] As shown in drawin g 5 based on such a result next, the about 400mm [ in said example ] 
V/G curve was reproduced in the overall length of a crystal orientation. That is, V/G is 0.22- 
0.20mm2 / **, and min in the field from a crystal center to 45mm. It was maintained, and the 
target raising rate in a crystal orientation was set up so that V/G might increase from 45mm in 
monotone in an outside field. Other operating conditions except a raising rate were set up like 
said example, and raised the single crystal of 6"B dope <100> and 1300mm of crystal length. 



Generating distribution of th^^^ect in this crystal was investigated b^JPI same approach as 
said example. In the overall length applied to a tail part, generating of an OSF ring, an infrared 
dispersion defect, and a rearrangement cluster was not seen from the top section. 
[0044] 

[Effect of the Invention] The silicon single crystal wafer of this invention is very stable thermally, 
remains or grows up to be a device active region, since the harmful Grown-in defect (an infrared 
dispersion defect, an OSF ring, rearrangement cluster) which degrades the dependability and the 
junction league property of gate oxide is not include over the whole surface, it is use for a high 
integrated semiconductor component, prevents the property degradation, and contributes it to 
improvement in a component manufacture yield, as explain above. Moreover, manufacture of CZ 
silicon single crystal wafer of such high quality is easily attained by the wafer manufacture 
approach of this invention. 
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WfiR-rSBRfc. §|^±lfiSjg^V (mm/min) U 
v",> 3>gb&Jb->5 1 3 0 OtST*cOfgJ*i5HtCt3ttS?l 
^±tftt^(Rj©^ B B B rtfijS[<£jiH<DTl£lffl^G CC/m 

<b 3 Omm%-C'<D{iLmt<DfflT*l£0.2 O—0.2 2 mm 2 
/C-min £U t&£kM-mfr<i>3 0 mml: T*CO<&® 

0—0.2 2mm 2 /°C -min 

4: *«f« t -T » U a A * x - / MHift 

[0 00 1] 

[0 0 0 2] 

Z j£ h fi/iftJCDft] < 53Hi#t®ftcD-> y a >lKi&lcii€A 
*5 1 *±if * c 4: K «t 0 , P3&ttcD-> y 3 >iWgA*lt 

mt&^n&jMmrmfti .0—2.0 mm/min t*$« 0 

[0 0 0 3] i:i!5T% c©J:3*cz}Sk:J:?>*jSL 
fcS/'JnVJMgA^x— /\tt, ^&£{t$tt3I 0 
0 0- 1 2 0 Otx 1 ~ 1 OBfftg) ^:gltfci:#tc. U 

>ymm*E?%o s f i:«ptfn*tt<tRjsa»^Pii* 
xcscttffe^o ccqos f y>^«?i^±ifiajs*^ 

nrfet), sslsi osfu >y#j&*s 

Sts.*>*>\ .0-2.0 mm/min T-WfigStlfci^ilW 

[0 0 0 4] LfrL&tfia. C<D «fc -5 &il5iiT'«j£2n 
~> y n A x -/ Ntc ti»aoDft/J^HI (JXTGr 
own-in^HStffc-r) #*?ftU MOSf/Wxoy-h 
IMfcHWE «H4*5&<b* -e 5 c i: #0J1 6 ^ T t 

fee Cft^OGrown-in^agJftt-ffi&T^T* 

^x-/Na®i£^<DSttffi«tc5asL, SE<bn 

B/je^&oTt/c: (fiflRfi'M .Hor ikawa et al.Semicon 
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ductor Silicon 1994 ,p987) 0 

[0005] ifi^Ls xm^uosmMmm^mwm^ 
Kf kKo*e»»EEi*tt©iRi± * «t tf y - *m&<o(& 

M*^<Sit^tiT^-5AV ISLS I coSijglc<£ffl£ 
ftTi^«iSj««j£'>x-/Mi* Cft€.£D#14#&.5/c 

10 [0 0 0 6] filTlifilCioT, 3l£±&fjSfitf0.8 
mm/min «T©4'3i*fciilSS-CS''J 3 >JW6fi*W 
J«f *»ffi*^|IB¥ 2-2 6 7 1 9 5 #£$gfc «fc 

y 3 vmieffi* x-/mc feTteo «fc ^ &$saas± 

[0 0 0 7] 

[fgBjtffi?& Let; 3 t-rzmim -kk, mt&&^(om. 
fi»*«cziFF«jo»jifc:«#uTi3 0, ?i^±tfas 

t c omi« t-r s*^ am £ T-^b-r * c t « 

[0 0 0 8] ?l$±lfjiS^0. 8—0. 6 mm/min <Dif> 
iliffiSc<Dii#tc«:> 1110 (A) {c^-ri^tc, ->U3> 
JIMS AS x-MO¥S<D 1 / 2 MifiK OSF'J ^Wft 

30 «g»T-^-5o 

[0 0 0 9] L*>U y >^t>F«3i!l©^T«, 
witt»-e*n h * 9 =7 7 ?* T-Wimz ti § jSnfta^BBA* 

#ai o 6 f/cm 3 <o«aETf»5fef *. mmtfimwtm 
^ ^commm? *v <$>mm-f setter* <, f/w 

[0 0 10] $fcO S F 'J tSfmm— 1 0 m 

40 m;@jS<7)i|iMT-fg£U »1 0 4 I/cm ! OKSJST-O 

ti, ^x— /^^MaLfc^tC 1 0" -10 s cm- 3 <D 

B^jtc^T-fey, i 2 5 ot^jaitt^fitSc ee 
os f y vyi#t.f/^xrD«»oiitt* 

[ooi i] ->y3>miga©gifr±*fisis*o.6~o. 

5mm/min lC{&T2-£fcm&lCl^ 0 1 (B) 
so J: -5 tc, o S F y >^*©iffifIA^Mt/|N5 < ^ y , ^ x— 




1 0~2 0ftmT-a5S*^l 0 3 i/cm ! ilKT-ifc 

[0 0 12] gfc, C ZST'Wfi!t^nfc-> 'J3^i 
£ x-/n(C«> gES^^** 1-2X10" atoms/ c 
m 3 (Dffi&Z-gZnT^&o ^LT. C ©Kff^FSSE^© 
/iftfcx^'Txya-trXT'CD^jn.a (#R&£ 6 0 0—1 

l 5 0txStW) {cJ:^K*«Tl±lA<ec^ci::i± 

[ooi3] osf'j >if^K>^m(Dmmvimmmm 

Ysg OMT I Gtgfct/^) #t#£n3#. OSF'J 

[0 0 1 4] £<D£ol,C, ?lf±tfafi^0.8~0.5m 
m/min ©^T-fif/jg^ftT-c^x — OSF'J >^ 

COO 1 5] —73, ?|*±tfiSfl*<0.5mm/inin WT 
«DffiifrC*jS£nfc*x-/vCtt, 01 (C) ictt*. 

vie, OSF'J > yfi|«{4«>x— /N«D4>*ap-e?H«L, 

c nteff u> y >^*<fc o rtwo^asta^B^^r ** 
^t, <gii«fig^x-/Nt,itj^a*si^?£o©jg 

COO 1 6] tLh©J;-5{c. IttOC Zj£(c<k£S/y n 

*BB<0*x-/N«»ii*nav\, 
COO 1 7] *}glfiOI»tt, ^BSJCtJfcoTWS^W 
tffti^BBIlft C Z j*WfiK©-> U n VJIMSffi* x-/n*5 

j: tf *o«jg*ffi*ffl«r s c t (c & So 

[0 0 18] 

tc O S F U >yoiB*ffiB»clW L#©«fc 3 &Mg&»H 

[0019] ra-©«ifi*wr*tt»wj8«H-ctt, o 

SF'J >y0gtt8ffi©3l*±tfBKtett#LTB{k 
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<D3\z±immv&iTi>o s f y >Y<os{is^§o 

L/6 % Lx WS B B B ©3l£±lfjllgS:V (mm/min ) t 
U ->'j3>llbSA^ 1 3 0 Ot^-eOiSfgi^Cfctf-S 

m) V/GT-S^^nStt^iOOS F y 

wt&cttc&v. os f y ^7%m^t?%{iLmc?£ 

So 

10 [0 0 2 0] LfrL&tfP.. V/G(icD$lJffl^«fc»9 0S 

=7 7. 2 ^©Grown - iny^RS $ £ -tt £> C fc fi # % 

[0 0 2 1] *C1?*«W#&»4^ltt»5f|iK:Rir4-V/ 
Gffi©BW*2W>J:3lc:LTHiEbfc. *8H©W^p> 
Wftll 0 0, 2 0 0, 3 0 0, 4 0 0mm(OMI 

30 [00 2 2] 02fr^5i:3Es V/Gltf0.2 0 
mm 2 /T-min *»Olt^, S^lRl^Kfcfel/^TiEffl 
^^X^A^^f^o V/GP0.2 0mm ! /°C • mi 
n J:»?^:*<ft*k:jStiT«I^HSfiS«» OSFUV^fS 

C c T?M^RB««OTIEt4S^lRlffiBK:BI«ft < 
(0.2 0mm 2 /°C-min ) X*&2>1)\ ±[SttlSS*^ 
4:tSa*1-JS^6 3 0mmST<D{4Si:©F^T'«— ^ (0. 
2 2mm 2 /iC-min) i:^:0, g3a*^3 0mni 

40 <tcMnT^:i:^.5 0 LT, *»y h^/->«ifi3ti«aa 

[0023] -r^^^. *y \-^->w&tm2±.im 
&tf&mzt. t©w««B«<»ott»a3fiFfii-eov/ 

«s»aw3ti?*n»a^K^i;, o s f y v^bb^bb 

*«W]*ISS»ffiTO SF'J >y*«5B*-r«. cfc t>T3l 
*±tfiSB3B , Vi OB^tt^x— /N©«nffl»fc:OS F 

y >w»tu t©rt«oBBictt*n»a*B^* 

so CSo 3l«±(^BK««fiT-r«2:V/GaNIU:Vi . v 



5 




[0 0 2 4] ccT-a@-r^#ci:(i N CZ}4tcJ;^-> 

«fc t> TttJIM8ft©1I#fi£«K:*^Tfc»*& < "f 
RlHT'^SC fc % L^Lft*©W/^ii«S B B B <D3l£± 

2j£T*£3o 

[0 0 2 5] V/Gttttfl%Ttft) '&T<m 

[o o 2 6] mz-izvtfvi om&tev jL—'^mn-m 
awco s f u >$w»£u ^-ortWKjS^uta^PB^ 

±9I^V2 , V 3 te&Sfc, *x— ^N©S^(Rl4>HgB 

tco s f v y/tm^x^ ; t<D9mizmxm%k®£izz 

*x-svti&ffitcos Fyyy^u -eco^ma 
tcmxmu&im z> *\ spk * ^ x * 
£-r&„ cniii i (b) (cffia-r-s'+'jiWfiStT'^^o 
vtfw.icmws ictezt^ os fu y^tt+iL^-^m 

USS^L^TV/G^RSA^U^VO^ 0—0.2 2m 
m 2 /"C •am KffSLTfc, ttA^&flUP&fttlSti: 
intV/G ^fiTf 5 ft 46 , *&flU&lUlEtt * 7 

[0027] commie c zmc&z~>v 3>msg& 

Bl8.Lm%V/Gtf&&?2>l,ct,frfrt,<E>i?, V/G# 
[0 0 2 8] LA>L£#Pk feLIEt, VtSAOS^A 

tct3(,>TV/G%s^rifiiK:— fe<D\B.1fc. a&*v«^JlSR 

fc«fc-3-niV/G*Bl2 ^mx-TTs-t «fc 3 ^il^TiMti 
■P^rT^-P*-? ft^BBj!R^B6'> x-zNOSHiii^filfca 




1f RH¥ 8-3 3 0 316 



[0 0 2 9] *Mi©^'J nyf^s'i'i-Ali, cz 

?£k «t o nft ~> u =s •> x -/ \t & o r, 

^PT H (OSF) a^x-^o^T-^MLftfK&WjS* 
x-/vr-&9, ao^x-/v£ffifr£iK{i*^X*tfJ# 

[0 0 3 0] $ft*^©-i;x-/N©jg^ffi{i. CZS 
X->V 3>JiM3 B B B *lf J^f 5P£tc, ?|#±tfii)S^V 
(mm/aiin) £ ->U n 1 3 0 0 °Ci: Tr- 

io ©ffl^Hte*»S3l*±tf*rafa©i£*rt^^E© 
¥i3ffi*G (^C/min ) V/Gffi**SH* 
jfrffiB£l&5M1JBJtP& 3 OmmST'CDffiBilOFaJT'ttO. 
2 0—0.2 2 mm 2 /°C -min £ U 3 0 

mmST-OfjiB^^n^lfeffiit CDF^T'tiO .20—0.2 
2 mm 2 /°C-min £~? Zfr^L < imghftmiCfafr^ 

[0 0 3 1] 

[fPffl] /\tt % OSF'J l/W7 3-—f\ 

if^TfJBabfcfiiaWfiR^x— OSF 

[0 0 3 2] $ft, *5EWO^x-/N«Jfi^rffiT?tt, iSS 
wlSlRlt V / G ffiA^^BIBffiiaoft**!^ 5 i 3 (c C 

0.2 0mm 2 /"C-min T— ^T'^0> ±RSfl«> 
fl-mfrZ 3 Omm5:l^<g|553-fe:*5V>Tt±, 0.2 2 mm 2 
/°C-mln T'-ST*6!), ^ja#>P> 3 Omm£-e©95# 

V/G{M*fl£gk$>>btiLm£1i£M>ftmfr<D 3 OmmJTO 
ffiil ! i:©P^lT'l±0 .2 0— 0.2 2mm 2 /°C-min t L> 
SSiiifl-Jf fr£ 3 0mm$r<Offi®fcJSg^i^{fi[Efc©ra 
■e«0. 2 0—0.2 2mm 2 /°C-min i: "T 3 frg L < « 

Jg B l^tiSiA^T^JiiP^H±Sc:i:{cJ;»j. OSF 

* v«ai WfiEisa^ » e> ns o 

[0 0 3 3] — iKKlSftrtOtt^riRliaft^SIttf -C^SBtC 

c i:*^. @fK^E*^«SAbft^g!tA^ B %tt>%?l^± 
T«£tl*Ci:T» ^ B B B A^ai^tl5ft46T-^0^ 

5l*±*fi»S-pfiRfi(t«fl!)«MirtOV/G<0g^|fi!»* 
i^^CZrT'ti, t»oWPV/Gffl«*0 2O«t^Kfil 




[0 0 3 4] L^LifitC. ^ B *Wai^tl(C<l/^CZ*P 

j^sw^ennscttta^, tots*, osf>j> 
[oo3 5] leiirtoHuiXKifib^atticjstteaAdg 

©Sfi^KOgftfcJ^TV/GffifcgftU f§£-T£ 

>iie»*t>«i^riqifct)t**>rosftr* (0 3#h§) o 

[0 0 3 6] *-<IT\ ISalW^lRlOSJSfiJiEGO^btc 
ttLT, V/Gtf— ^C&3cfc-M;:3l£±tf3lJfiV£:II 
STTS ®5#I§) o ^ 5 -T-I.C M^A^M 

Tt>, ¥J3©5l*±tfi»SVfcH£t>&-$\ SWk-tZV 
[0 0 3 7] 

[0 0 3 8] 18" 53S#«2atf 
tlfc6" i|U8fi©lWiRrfJgaC ZOTc*I^T\ tftiflcDJi 
ffllc^® ^rnfcRfirtfccD A — # v t - £ - £ Wffl i: offl 
*f{u®, Wfi!t)iia B B B ^H(cg®^nfc*-^^6^:5 

^3^6 3 0mm£T'(DWM%:V£<SV>ftlc3s^TlZV/ 
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Cifim—^.X. H-mfrZ 3 0mm^T'^igefC*3V>T 
ti^fClS]*^ T V / G A^HKUjl^-r S<t 5 fC, ±IB 
&ff*8t£Lfc. fl-JHS&%BI 3 iCTfito B4><D0. 1 
0 0-7 0 0mm(i«SB%?l^±lfjl7?*5o 
[0 0 3 9] ±ffi*ft*«^Lfc«, 1 8" 
itM!A$IS*S' 'J3>46 5kg Ata, #a K— 7 
LT, ^IgSVUnv^ftlJRiSIWU ft&tf 1 5 0mm 
■fl8JMUMfffi# (100) ©JiMg B B B *3l£±ifi£JStf 
0.4 5mm/iin <D{g;STft£ 1 3 0 0mmJ7ffi?L 
10 fc 0 

[0 0 4 0] Wi«»©l6ft**NI*li£faJ:¥fTlcJP2ri . 
5 mmT9J SitiU H F tS^C/H N 0 3 frSfcSglBS 

* 8 0 0 °C/ 4 h r + 1 0 0 0 °C/ 1 6 h r 

20 0 3 4>o?i^±tfafcWf6-rs o 

[0 0 4 1] 3\Z±ifm&V tM&frZ 1 3 0 0tfT 

<Dm?5falC$>fofrC> 4 5tnmOS|[ST'Slilf-£I 
T\ 4 5mm«D{S«A^«^.JSgPfC(^A^T#iBtCti^: 
Ltl^o £*5, ft>,kfr.e, 4 5 mmCOfeMfi^Jifre) 3 

[0 0 4 2] V/G*C©«t5tcSabfett*, (SAh 
•y^jb->e. 2 0 0mm*T©W#ftgP{4-Ptt, ^al^gP 
TOV/Gtf0.2 0mm 2 /"C-min 
30 (Rj^fCf^it^vX^A^fg^bfco 2 0 0mm*^5 0 
0mmtC*Hj-Tl±, ^bS^ ^gp-PO V/G tfO . 2 2—0. 
2 0mm 2 /"C-min £&-dT*5»}, lft4 0 0mmifi 
^-Z?{±*g H %<t''L>*' > 545mmi T*<0®tg?T" V / G A^O . 2 
2~0.2 0mm 2 /°C • min fC*t1$£tU 4 5mm*^ 

i^i^«T?v/G*^>iii(&««rtKsasnfcfci6, @* 

IrJ±«1?0 S F V >^ iSJrHRSL^HWOtOffiKO** 
%Grown-in^Rg<Dfl4tiMe>tl^:7b-'o/Co 5 0 0mm* 

40 G £P0 . 2 2 mm 2 /°C • min £:Sfjx.fc:/c:i6, OSF'Jy 

[0 0 4 3] CtDJc^^-S^^^Sx-T^tC, 0 5tC^ 
f * 3 Mie^fiSWctSttS 4 0 0 mmfi^TCOV/ 
Gft«*tta«*|Rl<0^ftk:*il/''TS«Lfc. -T^t) 

-0.2 0mm 2 /°C-min fCiMf^tl, 4 5mmfre>tt 

(omm&mm&nmm tmmizmjzu 6" bk-^ 

so < 1 0 0> , 1 3 0 0mm<Dl\m\gl,*mtitl>fc e 



(6) 
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mt&n&m t mmvxmic .tore ©^sf«3<o^rs©^ 

lOo^Z. OSF'J>y, jJtfHRSLfcHB, fitt*^** 
[0 0 4 4] 

-^Wtt**fk*-&**lFftCniiin-ln*IB (*fl*SLfc 
{tSrRSr. *?BiteMJ<!>rti±*i:*$-r*. Sfcx *« 

[01] C ZjST'WfigL/c->';3>#^ B B B ^x-^©^ 
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[02] ^tt^ B B B ^|fil{aSi:L8JE$l!i^V/Gi:Lfc 
0S?T\ V/Gft«0«#ft^B(B©f6^k:Rjrr!e»* 
[03] ffimt&&mJ5fatiLmtL®.mt£V/Gkl,tz 

[0 4] ««**TO¥iBTO«^**wr«KBa-p 
[0 5] tttt*ISftg2riaffi«fcUK»*V/Gi:Lfc 




V-M-lSBini/oin 



(mn^v c . m - in ) 
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